INTRODUCTION
Environmental as well as cultivation factors may greatly influence the chemical composition of plants. 1 The main factors affecting the chemical composition of foodstuff are level and type of fertilizer, 2 -4 location or soil type, 5, 6 and year of harvest. 7, 8 Organic foods are defined as products that are produced under controlled cultivation conditions characterized by the absence of synthetic fertilizers and a very restricted use of pesticides. Few systematic scientific studies, however, are available in which the nutritional quality of organic foods has been compared with that of conventional foods under comparable and controlled conditions as reviewed by Bourn and Prescott 9 and Dangaour et al. 10 Among the available studies, a general conclusion has been drawn that some foods of organic origin had a general trend of a lower nitrate and a higher vitamin C content than conventional vegetables. 11 -13 In a recent review, 14 focus has been given to the content of secondary metabolites and plant defence compounds in various fruits and vegetables grown according to organic food production systems, and it was concluded that the content of secondary metabolites was approximately 12% higher in organic samples than in corresponding conventional samples. According to the author's knowledge, however, there is a lack of information regarding the impact of organic cultivation systems on the composition of carbohydrates and fatty acids compositions of fruits and vegetables.
According to glycosidic linkage, dietary carbohydrates constitute a major fraction of most foods and feeds and can be divided into sugars (mono-and disaccharides), oligosaccharides, starch, and non-starch polysaccharides (NSP). 15 A thorough chemical analysis of the carbohydrate fraction can be used to distinguish carbohydrates potentially digested by endogenous enzymes in the small intestine from those that resist digestion, but which to a variable degree can be fermented by the microflora in the large intestine. 16, 17 The bulk of disaccharides and starch is broken down by the action of pancreatic and mucosal enzymes in the small intestine, whereas there are no enzymes capable of cleaving most oligosaccharides and NSP. A fraction of starch -resistant starch -may also pass the small intestine undegraded either because the starch is physically inaccessible due to encapsulation, molecular structure, or the starch is retrograded after heat treatment. 18 -20 Lignin is not a carbohydrate but is tightly associated with cell wall polysaccharides and has a profound influence on the degradation of NSP in lignified tissues. It is now well known that an adequate intake of dietary fibre (DF, non-digestible carbohydrates plus lignin) is linked to health benefits, e.g. a protective role against large bowel cancer, diabetes, and coronary heart disease. 21 -24 The faecal bulking capacity of a feedstuff or a diet is an important property because studies have shown that it is linked to the protection against a number of large bowel disorders. 21, 25 To experimentally measure nutrient digestibility and faecal bulking in humans, the rat has shown to be a useful model. 26, 27 Linoleic (C18 : 2 n-6) and α-linolenic (C18 : 3 n-3) are essential fatty acids which cannot be synthesized in the mammalian organism and therefore must be supplied in the diets of animals and humans. 28 These fatty acids are precursors for the important longer-chain higher polyunsaturated fatty acids of the n-6 and n-3 families. 29 Furthermore, the dietary fatty acid compositions are reflected in the body fatty acid composition, 30 but a proper intake of n-3 long-chain fatty acids has positive health implications, 31 although consumption of an excess of dietary fat as a whole may exert negative effects on human weight change. 32 The objective of the present study was to evaluate the influence of organic and conventional cultivation systems on the carbohydrate and fatty acid composition and digestibility of energy of apple, carrot, kale, pea, potato, and rape seed oil grown on three cultivation systems in two consecutive years.
MATERIALS AND METHODS

Plant material
The plant material was established on two locations and grown for two successive years (2001 and 2002; year 1 and year 2, respectively). Potatoes and oilseed rape were produced at Research Centre Foulum (AU, Denmark), and carrots, kale, and mature peas at Research Centre Årslev (AU, Denmark). The rapeseeds were only grown in year 1. The cultivation methods applied at both sites were the following: (i) a model of a distinct organic cultivation system with a low input of nutrients through animal manure and use of catch crops and no pesticides (LIminusP); (ii) a model of a distinct conventional cultivation system with a high input of nutrients through mineral fertilizer and use of as much pesticides as is allowed (HIplusP); (iii) a combination of (i) and (ii) with a low input of nutrients, primarily through animal manure, and use of as much pesticide as is allowed (LIplusP). The plant varieties used were: apple (Otava), carrot (Bolero), kale (Bona), pea (Ambassador), and potato (Sava). A more detailed description of the crop management is given by Jørgensen et al. 33 and Kristensen et al. 34 Each ingredient was processed as for application for human consumption: potatoes and mature, soaked peas and kale were boiled, and raw carrots and apples were shredded. The food was then freeze-dried and packed into airtight bags which were stored at −20
• C. Cold processed rapeseed oil was produced from the air-dried rapeseed of the three cultivation treatments from year 1, and the residual was discarded. The processing of the ingredients was intended to ensure that the feed mixture would be stable for a long-term animal experiment.
Analytical analysis
Dry matter and ash were determined according to the Association of Official Chemists. 35 Starch and sugars were analysed by the enzymatic-colorimetric methods of Bach Knudsen. 36 Total NSP and their constituent sugars were determined as alditol acetates by gas-liquid chromatography (GLC) for neutral sugars by the colorimetric method for uronic acids using a modification of the Uppsala 37 and Englyst et al. 38 procedures as described by Bach Knudsen. 36 Lignin (Klason) was determined gravimetrically as the residue resistant to hydrolysis by 2 mol L −1 H 2 SO 4 . 37 Dietary lipids were extracted with diethyl ether after hydrochloric acid hydrolysis 39 using petroleum ether, and long-chain fatty acids (>C8) were determined by GLC (capillary) after saponification and methylation, as described by Rotenberg and Andersen, 40 with substitution of hexane with heptane, and with C17 : 0 as the internal standard.
Animals and diets
The Danish Animal Experiments Inspectorate, Ministry of Justice, Denmark, approved the protocol with the guide for care and use of laboratory animals. The experimental procedure with rats has been described in detail by Eggum. 41 Groups of five male Wistar rats obtained from Taconic Europa (Lille Skensved, Denmark), each weighing approximately 70 g, were adapted to their diets for 5 days followed by a balance period of 4 days during which faeces and urine were quantitatively collected. The rats were housed individually in Plexiglas cages with stainless-steel mesh floors that permitted separate collection of urine and faeces. Temperature and relative humidity were maintained at 25
• C and 60%, respectively. Alternating 12 h periods of light and darkness were controlled day length. All freeze-dried experimental feed ingredients were ground through a 1 mm screen except apples which, because of the high content of sugar, were ground with a mortar and pestle. The diets were adjusted to 15 g N kg −1 dry matter (DM) with an N-free mixture and by adding the necessary amounts of minerals and vitamins. 42 In the case of apple, carrots, and potatoes, where the protein content is relatively low, further casein enriched with 1% methionine was added. The reason for adding casein to the diets was to obtain 15 g N kg −1 DM and increase the palatability. Throughout the adaptation and balance periods, each animal received 10 g DM and 150 mg N per day.
Calculations and statistics
Digestibility of a given nutrient is defined as the difference between intake of the nutrient and the amount excreted in the faeces. This is normally expressed relative to the intake of that specific nutrient. In the present study, the digestibility of the experimental ingredients in the diet was calculated by the difference method, which involved a separate digestibility experiment in which the digestibility of the N-free mixture and casein was estimated. These values were then used to calculate the digestibility of the experimental ingredients. Calculation of the digestibility of energy (DCenergy) was as follows: DCenergy = (total digested energy − energy digested N-free − energy digested casein)/ energy experimental ingredient Analysis of variance was carried out according to a factorial design using the GLM procedure of the Statistical Analysis System software package (SAS Institute, Inc., Cary, NC, USA). The sources of variations were cultivation system and harvest year.
The relationship between the intake of DF (iDF) and faecal dry matter bulking (fDM) expressed in grams per day was analysed by wileyonlinelibrary.com/jsfa c 2012 Society of Chemical Industry J Sci Food Agric (2012) 
where Y is the response parameter (fDM), β 0 the intercept, β 1 the slope and ε a normal distributed random variable. The relationship between the faecal bulking and the individual DF components, soluble non-cellulosic polysaccharides (NCP), insoluble NCP, cellulose, and lignin was expressed by a multiple regression model:
where Y is the response parameter (fDM), β 1 the intercept, β 1−ν the slope for the individual DF components, and ε a normal 
RESULTS AND DISCUSSION
In accordance with a recent published review 10 of studies investigating differences in nutrient quality between organically and conventionally produced foodstuffs, there was virtually no significant differences in the present study between the three cultivation systems on most measured variables except for the fatty acid composition of rapeseed oil (Tables 1 and 2 ). In addition, the investigation of crude protein and amino acids in the same vegetables, which was published elsewhere, 33 led to the conclusion that growing year but not cultivation system influenced the protein quality and energy value of the food. It is difficult to explain the lack of differences between cultivation methods on the carbohydrates in the present study. It cannot be excluded that cultivation methods indirectly influenced the plant maturity and therefore also the chemical composition of the plant ingredients, as the given items were harvested at the same time irrespective of cultivation system. However, the observed variation in the carbohydrate composition of the foods was due to harvest year wileyonlinelibrary.com/jsfa c 2012 Society of Chemical Industry J Sci Food Agric (2012) rather than to cultivation method. This has been observed before; i.e. harvest year rather than genotype influenced content and composition of dietary fibre in grain. 43, 44 Results for the various vegetables are therefore only reported here as the mean values of the three cultivation systems and growing years.
The major part of the carbohydrates in apple and carrot derives from sugars (glucose, fructose, and sucrose), in potato from starch, in pea from NSP and starch, and in kale from NSP (Table 1) . Kale also contained relatively high levels of lignin, whereas the concentration of this non-carbohydrate component was low in potato, carrot, and pea. The high levels of sugars in apple and carrot and the low levels of sugars in potato are comparable to that reported by Li et al. 45 and to the levels of sugars and starch as found for peas for feeding by Bach Knudsen. 36 The level of fructan is low in carrot, kale, pea, and potato but is reasonably high in apple, as also found in other investigations. 46 -50 Our values reported for apple, however, are almost 10 times higher than reported by Campbell et al. 46 and L'homme et al. 47 It is difficult to explain why this should be the case except if different analytical techniques had been used. In this study, an analytical assay based on specific enzymes is used, whereas Campbell et al. 46 and L'homme et al. 47 use HPLC. A few significant differences on season were found for some of the constituents' NSP sugar residues, i.e. carrot arabinose, carrot and potato galactose. Uronic acid was somewhat higher in year 1. This also contributed to a significantly higher content of total NSP. A comparison of all vegetables but potato between analysed and calculated carbohydrates plus lignin demonstrated a high degree of correlation (r = 0.993, P < 0.0001) with no deviation regarding the apple samples in the present study. Cellulose represent from 21% (potato) to 39% (pea) of the NSP in the fruit and vegetables. Fruit and vegetables are known to contain high levels of soluble polysaccharides -predominantly as pectins. 49 . This is also found in the present study, where the absolute and relative contents of soluble NCP were high in kale, carrot, apple, and potato and with a high proportion represented by uronic acid, which is the backbone residue in pectin. In pea, insoluble NCP makes up the major part of the NCP fraction, 36 which is mostly represented by insoluble glucose, xylose, and arabinose residues.
Triacylglycerol is the major lipid class in most cereals and oil seeds, whereas total fatty acids in vegetables and fruits are often less than 50% of the ether extract. 50 This is shown in Table 2 , where the sum of fatty acids in apple, carrot, kale, and potato contain from one-third to 50% fatty acids of total ether extract. Pea and rapeseed, which are regarded both as protein and oil seeds, contain from 80% to 94 % fatty acids in total ether extract. The C18 family and C16 : 0 were the most predominant fatty acids in the total ether extract, and in apple, carrot, and pea linoleic acid contributed approximately 50% of the total fatty acids. In terms of the ratio of n-6 to n-3, which is considered important from a human health perspective, 29 kale had the lowest ratio (1.6) and carrot the highest (17.8).
As expected, rapeseed oil had the highest concentration of fatty acids, which was far beyond that of the other vegetables. Although rape was cultivated only one year, and statistical analysis was therefore not appropriate, it should be noted that the fatty acid composition and content of the rapeseed oil of LIplusP differed in comparison with the other cultivation systems; i.e. the content of total fatty acids was lower, and the relative proportion of C18 : 1 was higher at the expense of mainly C18 : 2. When included in complete diets for rats providing 25% of the energy content, 51 the differences in fatty acid composition between cultivation systems were clearly reflected in the fatty acid composition of the tissue of the rats. In addition to the changed fatty acid content, it was also observed that the oil of LIplusP had a lower content of α-and γ -tocopherol 51 and was more green in colour than the rapeseed oil of the other cultivation systems, indicating a higher content of chlorophyll. Probably, the oil of LIplusP contained an elevated content of free fatty acids which was more susceptible toward oxidation resulting in a decrease of the vitamin E content and a change in the fatty acid composition.
DF is defined as the carbohydrates and lignin that are not digested by the endogenous enzymes in the small intestine of humans (and other mammals), 52 and it is therefore not surprising to find that DF has a direct influence on faecal dry matter output, as illustrated in Fig. 1,  53 ;54 and on the digestibility of DM (energy) of the diet (Table 3) . 33, 55 The bulking properties are first and foremost determined by the intake of DF and are expressed by the following equation:
An analysis of the individual DF components contributing to faecal bulking demonstrated that lignin (L) and cellulose (Cell) were the two most important contributors, whereas the contributions from soluble and insoluble NCP were not significant. The equation can be expressed as follows:
The multiple regression analysis model, however, only showed a marginal further improvement in model prediction compared to the linear model.
The faecal bulking capacity of a feedstuff or a diet is an important property, because it may be linked indirectly to the protection against a number of large bowel disorders, primarily because non-digestible components dilute the colonic content and reduce transit time. These factors are associated with wellbeing in Western society. 25 Moreover, although it has been difficult to establish a direct link between the intake of DF and colorectal cancer, 55 ,57 a diet high in DF from whole plant foods is still advised because it has been related to a lower risk of other chronic diseases. 21 -24 In conclusion, the cultivation system had a minor impact on carbohydrate and lipid composition in vegetables and fruits typically consumed in human nutrition. In addition, no influence was obtained with regard to the digestibility of energy from the J Sci Food Agric (2012) c 2012 Society of Chemical Industry foodstuffs in question when assessed in the rat model. The dietary concentration, however, had a direct impact on faecal bulking.
